We recently reported the molecular characterization and functional analysis of an overlapping gene 2b encoded by RNA 2 of the Q strain of cucumber mosaic cucumovirus (Q-CMV). We show here that the homologous gene encoded by the V strain of tomato aspermy cucumovirus (V-TAV) and the WAII strain of CMV (WAII-CMV), which is in a different subgroup to Q-CMV, is also expressed in vivo by demonstrating the accumulation of the mRNA (RNA 4A) and its protein in infected plants. Interestingly, RNA 4A of V-TAV is encapsidated in virions as found previously for Q-CMV whereas WAII-CMV contains very little RNA 4A in virions. As the 2b gene is conserved in all 10 cucumoviral species or strains sequenced to date and the 2b gene is expressed for three of these viruses, we conclude that the 2b gene is a common feature of the Cucumovirus genus.
Proteins 1a and 2a, encoded by RNAs 1 and 2 respectively (Rezaian et al., 1984 (Rezaian et al., , 1985 , are involved in replication of the virus (Nitta et al., 1988 ; Hayes & Buck, 1990) . RNA 3 encodes two proteins (Davies & Symons, 1988) , 3a and coat protein (CP). While 3a is translated from RNA 3, CP is expressed via RNA 4, a subgenomic RNA of RNA 3 (Schwinghamer & Symons, 1977) . Both 3a and CP are required for virus cell-tocell movement (Suzuki et al., 1991) .
Recently, we reported that RNA 2 of Q-CMV, which is a subgroup II strain, encodes an additional open reading frame, ORF 2b (Ding et al., 1994) . The mRNA for the 2b gene, called RNA 4A (Peden & Symons, 1973) , is encapsidated in the viral particles, is 682 nucleotides (nt) in length, and is identical in sequence to the 3h-terminal 682 nt of RNA 2 ; thus, it is a subgenomic RNA of RNA 2. RNA 4A encodes the complete ORF 2b of 100 codons ; the translational product of Q-CMV ORF 2b has been detected in infected plants by Western blot analysis (Ding et al., 1994) and the 2b gene shown to encode a host-specific long-distance virus movement function . We show here that the 2b gene encoded by two other cucumoviruses, tomato aspermy virus V strain (V-TAV) and cucumber mosaic virus WAII strain (WAII-CMV, a subgroup I strain ; Wahyuni et al., 1992) is also expressed in infected plants. V-TAV was described by Habili & Francki (1974) and the complete nucleotide sequences of RNAs 1 and 2 were determined by Bernal et al. (1991) and Moriones et al. (1991) . Fig. 1 (a) shows the structural features of V-TAV RNA 2. Total RNAs were prepared from V-TAV-infected Nicotiana glutinosa and the 3h-terminal 628 nt of RNA 2 amplified by RT-PCR using primers BJ1 (5h AGGATCCTGGGACCCCTAGGGG-GAACCTACGGA 3h, complementary to nucleotides 3049-3074 of RNA 2) and BJ2 (5h TGGATCCATGGCAAGCA-TCGAGATCCCTCTACA 3h, corresponding to nucleotides 2447-2470 of RNA 2) (Ding et al., 1995 b) . A BamHI site (underlined) was added to the 5h end of both primers and the initiation codon of ORF 2b is shown as bold italics. The amplified PCR fragment was cloned at the SmaI site of pBluescript SK(j) to yield pBSK2NVT.
Firstly, we determined whether RNA 4A (mRNA of the 2b gene) was produced in vivo from RNA 2 of V-TAV. virus-infected N. glutinosa and analysed by Northern blot hybridization using in vitro transcribed $#P-labelled RNA probes as described in . Probe β (Fig. 1 a) , transcribed from pBSK2NVT, is complementary in sequence to the 3h-terminal 628 nt of V-TAV RNA 2 and was expected to hybridize to all V-TAV RNAs that contain the 3h conserved region and\or the ORF 2b coding region. This probe detected seven major RNA species ( Fig. 1 b, RNAs 1-5) both in total V-TAV-infected plant RNAs (lane 4) and in virion RNAs (lane 3). The four larger RNAs corresponded to the known RNAs 1-4 whereas the two smaller RNAs at the bottom of the gel represent two novel subgenomic RNAs of RNA 3, RNAs 3B and 5 (unpublished). The RNA band above 3B most likely corresponds to RNA 4A as it is similar in size to the known RNA 4A (667 nt) of a Q-CMV chimera, CMV-qt (lane 2). The genome structure of CMV-qt is identical to that of Q-CMV except for the ORF 2b coding sequence, which is from V-TAV (Ding et al., 1996) .
Probe α (Fig. 1 a) , which is complementary in sequence to the 5h 234 nt of the V-TAV ORF 2b coding sequence (nt 2447-2680 of RNA 2), strongly hybridized only to two (RNAs 2 and 4A) of the seven major RNA species detected above from either CMV-qt or V-TAV (Fig. 1 b, lanes 6, 7 and  8 ). The nature of the bands between RNAs 2 and 4A (lanes 6-8) detected by probe α has not been determined. Taken together, the above results indicate that the V-TAV RNA 4A predicted (Ding et al., 1994) was produced in infected plants and was encapsidated in virions.
RNA dideoxy sequencing (Fichot & Girard, 1990 ) was used to map the 5h-terminal nucleotide of the V-TAV RNA 4A using total V-TAV-infected plant RNAs and primer BJ7 (5h TCTCGTGTAGAGGGATCT 3h, complementary to nt 2460-2477 of V-TAV RNA 2 as shown in Fig. 1 a) . The 5h-terminal nucleotide of RNA 4A was mapped to nt 2373 of RNA 2 and the size of V-TAV RNA 4A was determined as 702 nt. The size of V-TAV RNA 4A correlates well with its relative rate of migration in denaturing agarose gel electrophoresis as compared to the known size of 667 nt for CMV-qt RNA 4A (compare lanes 3 and 2, Fig. 1 b) . Thus, RNA 4A of V-TAV encodes the complete ORF 2b with a 5h UTR of 73 nt and a 3h UTR of 340 nt (Fig. 1 a) . Significantly, the initiation site of V-TAV RNA 4A determined in this work agrees exactly with that predicted from sequence similarities of RNA 2 among five cucumoviruses around the known initiation site of Q-CMV RNA 4A (Ding et al., 1994) .
The 2b protein encoded by V-TAV was expressed in Escherichia coli as a fusion protein with glutathione S-transferase (GST) and a 2b-specific antiserum raised in rabbits as described (Ding et al., 1994) . The plasmid expressing the GST-2b fusion protein in E. coli was constructed by cloning the BamHI fragment containing the V-TAV ORF 2b coding sequence and the 3h UTR from pBSK2NVT into the BamHI site of pGEX-2 (Smith & Johnson, 1988) . To detect the 2b protein in virusinfected plants by Western blot analyses, leaf tissues from infected N. glutinosa plants were harvested 2 weeks after inoculation and successive protein extracts were prepared using three different extraction buffers according to von Arnim et al. (1993) .
The results (Fig. 2) showed that the 2b protein (marked by an arrowhead) accumulated in N. glutinosa plants infected with V-TAV (lane 2). This protein was not detectable by the GST- In vivo expression of the cucumoviral 2b gene In vivo expression of the cucumoviral 2b gene 2b antiserum in uninfected plants (lane 1) or in plants infected with Q-CMV (not shown), but it was detected in plants infected with CMV-qt (lane 3). Further, this protein was not detected when the preimmune serum or an antiserum against an unrelated GST fusion protein (GST fused with ORF 4 of the barley yellow dwarf virus-PAV, a gift of Masoud Shamsbakhsh) was used as the first antibody (not shown). Interestingly, the V-TAV 2b protein became soluble only after boiling in the ESB buffer containing SDS, urea and β-mercaptoethanol (von Arnim et al. 1993) , suggesting an association of the 2b protein with cell walls\membranes. The size of the 2b protein was estimated as M r 14 000 under the conditions used which is larger than M r 11 000 predicted from the sequence ; a similar difference was found previously for the Q-CMV 2b protein (Ding et al., 1994) . In addition, it is likely that the other larger protein species of about M r 28 000 present in plants infected with V-TAV or CMV-qt is related to the V-TAV 2b protein. Most of this larger protein in extracts from CMV-qt-infected plants was not solubilized in the ESB buffer (not shown). It is not clear whether this larger species represents an aggregate of the 2b protein with other proteins or is simply a dimeric form of the 2b protein.
Using a strategy similar to that described for V-TAV, we next investigated whether the 2b gene was also expressed in vivo by WAII-CMV. The ORF 2b coding sequence plus the 3h UTR of WAII-CMV RNA 2 was obtained by RT-PCR using primers derived from the known RNA 2 sequence of another subgroup I strain, Fny-CMV (Rizzo & Palukaitis, 1988) , cloned (named as pBSK2NWAC) and sequenced. A region of 148 nt of WAII-CMV RNA 2 that is 5h to the initiation codon of ORF 2b was directly sequenced by AMV reverse transcriptase (Fichot & Girard, 1990 ) using primer BJ8 that binds to a region 37 nt 3h to the ORF 2b start codon (Fig. 3 a) . Thus, the 3h- terminal sequence of 779 nt of WAII-CMV RNA 2 was determined (GenBank accession no. U64435).
Northern blot analysis (Fig. 3 b) using probe δ (transcribed from pBSK2NWAC and complementary in sequence to the 3h-terminal 630 nt of WAII-CMV) identified in WAII-CMVinfected plants an RNA species similar in size to RNA 4A of Q-CMV (compare lanes 2 and 4). As the RNA species also hybridized (lane 6) to probe γ whose sequence is complementary only to the 5h 240 nt of the WAII-CMV ORF 2b coding sequence (Fig. 3 a) , we conclude that this RNA CDJ corresponds to the predicted RNA 4A. In contrast to RNA 4As of Q-CMV (Ding et al., 1994) and V-TAV (see above), only very low levels of WAII-CMV RNA 4A which accumulated in infected plants (lanes 2 and 6) were encapsidated in the viral particles (lanes 3 and 7), indicating varying specificity of in vivo encapsidation of WAII-CMV RNAs.
The 5h-terminal nucleotide of WAII-CMV RNA 4A was further determined by RNA dideoxy sequencing as described above. This mapped the initiation site of RNA 4A (data not shown) and predicted a size of 690 nt for RNA 4A of WAII-CMV. The initiation site of WAII-CMV RNA 4A determined here is also in complete agreement with the site predicted for Fny-CMV RNA 4A (Ding et al., 1994) . The conserved sequence (V-TAV RNA 2 #$'#UUGAUCAAUUCGUUUU 3h) surrounding the initiation nucleotide (G in bold) of RNA 4A found among the cucumoviruses (Ding et al., 1994) may be functionally important to the production of RNA 4A.
Repeated attempts failed to express the WAII-CMV 2b protein in E. coli using several protein expression systems (pGEX, pQE30 and pET), indicating a possible toxic effect of the protein to the bacterium. In addition, the WAII-CMV 2b protein was not detectable by the antiserum against the Q-CMV 2b-GST fusion protein, despite the fact that the 2b proteins of the two strains are 53 % identical in sequence. Since the 2b protein was detected for both Q-CMV and V-TAV and RNA 4A accumulated in WAII-CMV-infected plants, we did not continue to try to demonstrate the accumulation of the WAII-CMV 2b protein.
We have shown in this work that the 2b gene encoded by two cucumoviruses (V-TAV and WAII-CMV) is expressed in vivo by detecting the accumulation of the mRNA (V-TAV and WAII-CMV) and protein product (V-TAV) in infected plants while the expression of the Q-CMV 2b gene in infected plants has been reported previously (Ding et al., 1994) . Furthermore, the 2b gene is conserved in RNA 2 of the 10 cucumoviruses or strains sequenced to date (Ding et al., 1994 ; our unpublished observations) . It is therefore concluded that the occurrence and expression of the 2b gene are common features of the Cucumovirus genus, and that the cucumoviruses contain three genomic RNAs (RNAs 1-3) and two subgenomic RNAs (RNAs 4 and 4A) that function as messenger RNAs for the in vivo expression of the five cucumoviral proteins, 1a, 2a, 3a, CP and 2b, respectively.
